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THE  EPPECT  OP  TERNARY  INTERMETALLIC  COMPOUNDS  ON  THE 
•HEAT  RESISTANCE  OF  DEFORMED  ALUMINUM  ALLOYS 

/“This  is  a  translation  of  an  article 
written  by  B.  K.  Vul‘f  and  M.  N.  Chernov  in 
Izvestiya  Vysshikh  UchebnykS  Zavedeniy, 

Tsvetnaya  Metallurgiy,  (News  of  Higher  Edu¬ 
cational  Institutions,  Nonferrous  Metallurgy), 

No.  2,  Ordzhonikidze,  I960,  pages  147-152 J 

In  one  of  the  preceding  works  (1)  the  authors  inves¬ 
tigated  the  effeot  of  the  ternary  compound  e  <Mg.A'i„Cr)  on  the 
heat  resistance  of  deformed  aluminum  alloys  and  demonstrated 
the  possibility  of  obtaining  alloys  which  are  characterized 
by  significant  long-term  resistance. 

The  present  investigation  is  dedicated  to  the  further 
development  of  work  in  this  direction  and  has  as  its  goal 
the  determination  of  the  high-temperature  hardness  of  certain 
ternary  intermetallic  aluminum-containing  compounds  and  an 
explanation  of  their  effect  on  the  short-  and  long-term  re¬ 
sistance  of  extruded  aluminum  alloys. 

Seven  ternary  intermetallic  compounds  were  prepared 
according  to  a  method  described  previously  (2).  Their  com¬ 
position  according  to  the.  results  of  a  chemical  analysis 
and  their  extrusion  parameters  are  shown  in  Table  1. 
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Before  testing,  the.  ternary  compounds  were  made  homo¬ 
geneous  by  heating  the  Mg.3u,jCr  and  Mg^ZnaAu  at  400°  for 
10  days  and  the  others  at  500°,  after  which  the  alloys  were 
gradually  cooled  to  room  temperature  over  a  24  hour  period. 

A' determination  of  the  microhardness  at  different 
temperatures  was  made  using  the  method  of  Academician  A.  A. 
Bochvar  (3)  on  an  aooaratus  developed  at  the  IMASh  of  the 
Academy  of  Sciences  USSR  and  the  VIAM.  The  time  of  exposure 
to  the^indentor  was  30  seconds  and  60  minutes  with  a  load 
of  50  g;  the  testing  temperatures  were  20°  and  300°.  The 
test  data  are  shown  in  Table  2  in  absolute  units  and  in 
percentages?  the  hardness  values  are  averages  from  four  to 
five  determinations. 

The  data  in  the  following  Table  2  are  quite  inter¬ 
esting,  characterizing  to  a  certain  extent  the  long-term 
heat  resistance  of  ternary  compounds.  The  compound Mg*Al|2Cr  (E) 
possesses  the  greatest  long-term  hardness  but  the  coumpounds 
CujAl«Nf  (t),  Mg4ZnjAl3  (T)  and  AUFeNi  (>>  decrease  their  high  tempera¬ 
ture  hardness  approximately  twofold. 


Table  2 

Micr-ohardness  of  ternary  intermetallic  compounds  at 

20°  and  300° 
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These  data  may  serve  as  a  useful  guide  for  the  deve¬ 
lopment  of  heat-resistant  alloys  of  the  metal-ternary  inter¬ 
metallic  compound  type  for  use  under  conditions  of  long¬ 
term  loading. 

The  hardness  at  various  termperatures  had  been  deter¬ 
mined  previously  for  certain  ternary  compounds  (4).  The  re¬ 
sults,  in  comparison  to  those  obtained  in  the  present  study, 
were  higher  in  all  cases  probably  because  in  reference  (4) 
a  smaller  load  (10  g)  was  used  on  the  indentcr  because  of 
fear  of  disintegration.  Our  experiments  showed  that  a  load 
of  £0  g,  which  made  it  possible  to  measure  with  greater  ac¬ 
curacy,  could  be  used  even  at  300°  since  at  this  temperature 
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all  the  ternary  compounds  studied  are  quite  sufficiently 
ductile  to  exclude  disintegration  phenomena. 

The  substantial  high  temperature  hardness  of  some 
of  the  ternary  compounds  studied  made  it  possible  to  pro¬ 
pose  the  possibility  of  using  them  for  increasing  the  heat 
resistance  of  aluminum  alloys. 

In  order  to  test  this,  46  experimental  alley  systems 

were  prepared: 


AI — CtijAtji>Mn3 
Al— CujAUNi 
A! — Mg^ZnjAlj 
Al-MgjA!,jCr 
Al — AlsSijMtu 
Al — AUoMniiNi, 
Al-AltFeNi 


with  compositions  up 
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t! 
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The  composition  of  the  alloys  is  given  in  Table  3. 

The  ternary  compounds  in  these  alloys  are  found  in 
equilibrium  with  the  corresponding  ternary  solid  solutions. 
For  this  reason  the  amount  of  alloyed  elements  in  the  alloys 
of  certain  systems  does  not  quite  correspond  to  the  composi¬ 
tion  of  the  ternary  compound;  the  percentage  of  the  latter 
is' calculated  in  such  cases  according  to  the  content  of  the 
element  ore sent  in  least  amount. 

The  solubility  of  various  compounds  in  solid  aluminum 
*s  not  uniform.  So,  for  example,  the  solubility  of  the  ccsm- 
nounds  AlsSi3Mn,  (5J.Al«Mn„Ni4[61  and  Al,FeNf  is  quite  insignificant 
in  view  of  the  fact  that  solid  solution  regions  are  practi¬ 
cally  absent  in  the  corresponding  ternary  composition  dia¬ 
grams.  Tempered  alloys  of  these  systems  do  not  harden  upon 
subseq\ient  aging.  In  the  system  Al— Cu,Al«Ni [8]  a  certain  hard¬ 
ening  appears  upon  aging,  however  the  solubility  of  the 
ternary  compound  in  aluminum  apparently  is  also  quite  small; 
all  "alloys  containing  more  than  two  per  cent  ternary  com¬ 
pound  after  a  48-hour  heat  soak  at  510°  and  subsequent  tem¬ 
pering  had  a  two-phase  structure* 

On  the  other  hand,  the  solubility  of  the  ternary  com¬ 
pounds  Cuj  AlaoMiij,  MgaAluCf  and  Mg^ZnjAU  in  solid  aluminum  in¬ 
creased  noticeably  with  increased  temperature.  The  values 
of  the  specific  solubility  of  the  alloying  elements  in  the 
aluminum,  according  to  the  sections  studied,  are  given  in 
Table  4. 
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The  method  for  melting  and  extruding  the  experimental 
samples  was  described  in  reference  (2).  For  testing  the 
.xeat  resistance  of  the  extruded  bars,  Gagarin  -  type  samples 
were  cut,  tempered  and  aged  artificially  before  testing. 

The  tempering  temperature  was  selected  to  be  20°-30°  lower 
than  the  solidus  temperature,  and  varied  from  420°  to  600° 
for  different  alloys. 

Only  alloys  of  the  Al— Cu3Al«Ni  and  Al-Mg<Zn»AJj,  systems 
were  aged;  for  these  an  effect  of  Increased  hardness  upon 
aging  had  been  observed  earlier  (2).  Alloys  of  the  first  of 
these  systems,  after  tempering,  were  heated  for  60  hours  at 
1B0°;  ailo'rs  of  the  second  system  were  heated  for  47  hours 
at  100°,  which  corresponded  to  the  optimal  aging  conditions. 
Determination  of  the  heat  resistance  consisted  of 
short  term  and  long  tern  tests  under  elongation  at  300°, 

The  short  term  tests  were  carried  out  by  the  standard  method 
determining  the  resistance  limit  (*e )  and  the  specific  elon¬ 
gation  ('>)  lengthwise  4  .  Tests  of  long  term_ resistance 

were  carried  out  as  a  rule  under  a  load  of  4  kg/mrn^  with  a 
determination  of  the  time  elapsing  until  fracture  (t>  .  The 

results  are  shown  in  Fig.  1-6.  ^ach  value  determined  was 
the  average  from  three  tests, 

>!o" diagrams  are  shown  for  the  A!— A!.,SijMn,  system  since 
the  heat  resistance  of  these  alloys  is  quite  low;  their  short 
term  resistance  at  300°  was  about  6  kg/mm^  and  elapsed  time 
before  fracture  under  a  load  of  3  kg/ram^  was  less  than  cne 
hour  for  all  of  the  samples. 

It  is  possible  to  draw  a  number  of  conclusions  from 
an  analysis  of  the  results  obtained. 

In  all  the  systems  studied  the  heat  resistance  of  the 
alloys  increased  up  to  a  certain  limit  of  ternary  intermo¬ 
dule  compound  content. 

In  the  Al — Mg^ZnjAb.AI — CujAlioMn.i ii A! — Mg,Ali,Cr.  systems,  which 
are  characterized  by  noticeable  solubility  of  the  ternary 
compound  in  aluminum,  a  maximum  long  term  resistance  was 
reached  at  a  particular  composition.  This  maximum  is  found 
in  alloys  in  whose  structure  there  are,  after  tempering,  so¬ 
lid  solutions  that  can  undergo  dispersion  hardening  (which 
also  explains  their  hardening  effect  on  aging).  At  the  long¬ 
term  resistance  test  temperature  (300°)  such  alloys  (Kos.  4, 
20  and  25)  must  have  a  heterogeneous  twophase  structure,  ac¬ 
cording  to  the  data  of  Table  4.  This  is  in  agreement  with 
the  characteristic  regularities  in  heat  resistance  variation 
that  were  determined  in  references  (12-14)  where  it  was  shown 
that  alloys  with  maximum  heat  resistance  at  high  temperatures 
are  found  in  the  region  of  unsaturated  solid  solutions,  those 
with  maximum  heat  resistance  at  average  temperatures  corres¬ 
pond  to  the  area  where  the  saturation  limit  has  been  reached 
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and  those  with  maximum  heat  resistance  at  lower  temperatures 
lie  in  the  two-phase  region  of  the  composition  diagram, 

•Ar  ra-*ently  alloys  4,  20  and  25  which  we  studied  correspond 
to  the  last  case  since  they  show  a  maximum  heat  resistance 
while  possessing  a  heterogeneous  structure  (Pigs,  7,  8  and 

9).  2~not  fakowny.  r0slstance  ifcnit  kg/mm2 


Cug  Al20  Mn3,  %  by  wt, 


p^g#  i  •  Relationship  of  the  heat  resistance  of  the  alloys 
Al-CuoAl2()Mn3  to  composition,  Tests  were  made  of  the 
short-term  resistance  at  350°,  long-term  resistance  at  300 
with  a  load  of  4  kg/mn2 

©j limit  kg/mm2 

!  §\ 

H  V 

*3  " 


4*1 

** 


k'  of  alloy 

7  i  i* 


Cu3  AlgNi  %  by  wt. 


Fig.  2  -  Relationship  of  the  heat  resistance  of  the 

alloys  Ai-Cu2Al6  Ni  to  composition.  Tests  were 
made  of  the  short-term  resistance  at  300°,  long- 
term  resistance  at  300°  with  a  load  of  4  kg/mm^ 
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Pig.  3  -  Relationship  of  the  heat  resistance  of  the 
alloys  Ai-Mg^Zn^Al*  to  composition*  Tests  were 
made  of  the  short-term  resistance  at  300°,  long¬ 
term  resistance  at  300°,  with  a  load  of  4  kg/mm2 

resistance  limit  kg /mm2 


Fig,  4  -  Relationship  of  the  heat  resistance  of  the 

alloys  Al-Mg2Al12Cr  to  composition.  Tests  were  made 
of  the  short-term  resistance  at  300°,  long-term  re¬ 
sistance  at  300°  with  a  load  of  4  kg/inm2 


A160MnllHi4  *  by  wt‘ 


Pig. 


5  -  Relationship  of  the  heat  resistance  of  the  alloys 
Al-AlRrJtenn  tRIa  to  compos  it  ion*  est3  were  made  of 
the  short-term  resistance  at  300°,  long-term  resis¬ 
tance  at  300°  with  a  load  of  4  kg/mm^. 


AlgPeNi  %  by  wt. 


Pig  6  -  Relationship  of  the  heat  resistance  of  the  alloys 
Al-A.l0FeKi  to  composition.  Tests  were  made  of  the 
short-term  resistance  at  300°,  long-term  resistance 
at  270°  with  a  load  of  3  kg/mm* 


This  does  not  contradict  the  work  of^  M.  V.  Zakharov 
(15)  w*o  showed  that  in  a  number  of  cases  the  greatest  hea^ 
resistance' was  encountered  in  slightly  heterogeneous  ternary 
alloys  lying  in  the  quasi-binary  sections  or  close  by. 

For  various  systems  of  this  type  the  higher  the  maxi¬ 
mum  of  long-term  resistance,  the  greater  the  high-temperature 
hardness  of  the  ternary  compound  and  the  less  the  relative 
decrease  in  the  latter  upon  increasing  the  time  of  exposure 


In  the  remaining  systems  studied,  which  are  character¬ 
ized  by  the  absence  of  noticeable  regions  of  solid  solutions, 
the  long  term  resistance  increased  linearly  with  the  increase 
in  ternary  compound  content  in  the  alloy. 
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The  greatest  values  for  short  term  resistance  at  300° 
were  obtained  with  alloy  No  14  of  the  Al-CugAlgNi  system 
(  s  22kg/mm2}  8  s  17jfc),  and  alloys  Nos.  19-21  of  the 
Al-Mg4Zn3Al-  system  ( -  35  kg/mm2;  8  -  9-11$),  exceeding 
significantly  the  resistance  of  standard  heat-resistant  de¬ 
formed  alloys  (Ak  4-1,  VD  17)  for  which  at  300°  <50  16-17 

kg/mm2  and  81*21$. 

Alloy  No  28  of  the  Al-MggAl^gCr  system  had  the  great¬ 
est  long-term  resistance  ;  with  a  load  of  4  kg/mm2  and  a 
temperature  of  300°  it  ..fee Id  for  more  than  250  hours  before 
fracturing. 

Alloys  of  t  he  Ai-AloSigMn4  system  showed  the  lowest 
heat  resistance  under  the  lest  conditions. 
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